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(54) EXHAUST GAS PURIFICATION APPARATUS FOR INTERNAL COMBUSTION 
ENGINE AND CATALYST SUPPORTING METHOD FOR SUPPORTING CATALYST ON 
PARTICULATE FILTER OF EXHAUST GAS PURIFICATION APPARATUS 

(57)Abstract: H 3 

PROBLEM TO BE SOLVED: To remove fine particles 
collected by a particulate filter completely from the 
particulate filter. 

SOLUTION: The exhaust gas purification apparatus 
for internal combustion engine is provided with the 
particulate filter 10 having an exhaust gas flow-in u 
passage 20 and an exhaust gas flow-out passage 21 
which are formed by being divided by a partition wall 
composed of a porous material and constituted so 
that an exhaust gas flowing-in to the exhaust gas 
flow-in passage is passed through fine pores 25 of 
the partition wall 24 and flows-out to the exhaust gas 
flow-in passage. A 1st catalytic layer 26 having a 
support composed of a porous material and a catalyst 
supported on the support is formed on the wall surface of the partition wall and wall 
surfaces with which the fine pores are formed to be divided. A 2nd catalytic layer 27 
having a support which has fine pores each having a larger porosity than that of the 
partition wall and a larger average fine pore diameter than that of the fine pores of the 
partition wall and a catalyst supported on the support is formed on the 1st catalytic layer 
formed on the wall surface of the partition wall with which the exhaust gas flow-in passage 
is formed to be divided. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]An exhaust-stream passage characterized by comprising the following formed by 
septum which consists of porous materials is provided, The downstream end opening is 
blockaded and some exhaust-stream passages of these exhaust-streams passages are 
made into an exhaust-stream ON passage, The upstream end opening is blockaded and at 
least some exhaust-stream passages of the remaining exhaust-stream passages are made 
into an exhaust-stream appearance passage, A carrier which exhaust gas which flowed into 
an exhaust-stream ON passage is provided with a particulate filter which flows into an 
exhaust-stream appearance passage through fine pores of a septum, and consists of 
porous materials, An exhaust emission control device in which the 1st catalyst bed that has 
the catalyst supported by this carrier is formed on a wall surface which forms fine pores of a 
wall surface top of a septum of the above-mentioned particulate filter, and this septum. 
A carrier which has fine pores with porosity larger than porosity of the above-mentioned 
septum and, and a larger average pore size than an average pore size of fine pores of this 
septum. 

A catalyst supported by this carrier. 

[Claim 2]The exhaust emission control device according to claim 1, wherein viscosity of a 
porous material which constitutes a carrier of the 2nd catalyst bed of the above is higher 
than viscosity of a porous material which constitutes a carrier of the 1st catalyst bed. 
[Claim 3]The exhaust emission control device according to claim 1 in which thickness of a 
carrier of the 2nd catalyst bed of the above is characterized by being thicker than thickness 
of a carrier of the 1st catalyst bed. 

[Claim 4]A catalyst support method characterized by comprising the following of making a 
particulate filter of the exhaust emission control device according to claim 1 supporting a 
catalyst. 

A process of generating a slurry which consists of particles of particle diameter defined 
beforehand. 
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A process of making particle diameter of this slurry small. 

A process of this particle diameter coating a slurry made small on a wall surface which 
forms fine pores of a wall surface top of a septum, and a septum, and forming the 1st 
carrier. 

A process of making this 1st carrier supporting a catalyst and forming the 1st catalyst bed. 
A process of particle diameter coating a slurry which is not made small on the 1st catalyst 
bed currently formed on a wall surface of a septum which forms an exhaust-stream ON 
passage, and forming the 2nd carrier. 

A process of making this 2nd carrier supporting a catalyst and forming the 2nd catalyst bed. 

[Claim 5]A catalyst support method characterized by comprising the following of making a 
particulate filter of the exhaust emission control device according to claim 1 supporting a 
catalyst. 

A process of generating a slurry which consists of particles of particle diameter defined 
beforehand. 

A process of mixing a porosity increase agent for enlarging porosity of this slurry to this 
slurry. 

A process of coating a slurry with which a porosity increase agent is not mixed on a wall 
surface which forms fine pores of a wall surface top of a septum, and a septum, and 
forming the 1st carrier. 

A process of making this 1st carrier supporting a catalyst and forming the 1st catalyst bed. 
A process of coating a slurry with which a porosity increase agent is mixed on the 1st 
catalyst bed currently formed on a wall surface of a septum which forms an exhaust-stream 
ON passage, and forming the 2nd carrier. 

A process of making this 2nd carrier supporting a catalyst and forming the 2nd catalyst bed. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the catalyst support method of making the 
particulate filter of the exhaust emission control device of an internal-combustion engine, 
and this exhaust emission control device supporting a catalyst. 
[0002] 

[Description of the Prior Art]lt is publicly known to arrange the particulate filter (a filter is 
only called hereafter) for catching the particles in the exhaust gas discharged from an 
internal-combustion engine to an organization flueway at JP,9-94434,A. The filter currently 
indicated by the gazette concerned has two or more cells formed by the septum which 
consists of porous materials. A more than cell is closed by the plug in the upstream among 
[ half / about ] cells, and the cell of the remaining moieties is closed by the plug in the 
downstream so that the exhaust gas which flowed there may certainly pass along a septum 
by the filter currently indicated by the gazette concerned. 

[0003]Thus, in the filter by which exhaust gas certainly passes along a septum, when the 
quantity of the particles caught by the filter increases, the fine pores of a septum cause 
blinding and there is fault that the pressure loss of a filter becomes large. 
[0004]Then, he is trying to remove the particles caught by the filter by making the wall 
surface which forms the fine pores of the septum of a filter support a catalyst with the 
above-mentioned gazette, and carrying out self-combustion of the particles caught by the 
filter. 
[0005] 

[Problem(s) to be Solved by the lnvention]However, in the filter given in the above- 
mentioned gazette, it became clear that the particles with a comparatively big size were 
deposited on the wall surface of a septum, without carrying out self-combustion as a result 
of various experiments. In this case, the pressure loss of a filter becomes large and is not 
preferred. Then, the purpose of this invention is to remove more nearly thoroughly the 
particles caught by the particulate filter from a particulate filter. 
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[0006] 

[Means for Solving the ProblemJIn order to solve an aforementioned problem, in the 1st 
invention. Provide an exhaust-stream passage formed by septum which consists of porous 
materials, and the downstream end opening is blockaded and some exhaust-stream 
passages of these exhaust-streams passages are made into an exhaust-stream ON 
passage, The upstream end opening is blockaded and at least some exhaust-stream 
passages of the remaining exhaust-stream passages are made into an exhaust-stream 
appearance passage, A carrier which exhaust gas which flowed into an exhaust-stream ON 
passage is provided with a particulate filter which flows into an exhaust-stream appearance 
passage through fine pores of a septum, and consists of porous materials, In an exhaust 
emission control device currently formed on a wall surface on which the 1st catalyst bed 
that has the catalyst supported by this carrier forms fine pores of a wall surface top of a 
septum of the above-mentioned particulate filter, and this septum, The 2nd catalyst bed that 
has a carrier which has fine pores with porosity larger than porosity of the above-mentioned 
septum and and a larger average pore size than an average pore size of fine pores of this 
septum, and the catalyst supported by this carrier is formed on the 1st catalyst bed formed 
on a wall surface of a septum which forms the above-mentioned exhaust-stream ON 
passage. According to this, particles of a size which cannot enter in fine pores of a septum 
are caught on the 2nd catalyst bed. In an embodiment mentioned later, a catalyst is catalyst 
metal. 

[0007]Viscosity of a porous material which constitutes a carrier of the 2nd catalyst bed of 
the above from the 2nd invention in the 1st invention is higher than viscosity of a porous 
material which constitutes a carrier of the 1st catalyst bed. 

[0008]Thickness of a carrier of the 2nd catalyst bed of the above is [ in / by the 3rd 
invention / the 1st invention ] thicker than thickness of a carrier of the 1st catalyst bed. 
[0009]ln the 4th invention, a catalyst support method of making a particulate filter of an 
exhaust emission control device of the 1st invention supporting a catalyst is provided with 
the following. 

A process of generating a slurry which consists of particles of particle diameter defined 
beforehand. 

A process of making particle diameter of this slurry small. 

A process of this particle diameter coating a slurry made small on a wall surface which 
forms fine pores of a wall surface top of a septum, and a septum, and forming the 1st 
carrier. 

A process in which a process of making this 1st carrier supporting a catalyst and forming 
the 1st catalyst bed, and particle diameter coat a slurry which is not made small on the 1st 
catalyst bed currently coated on a wall surface of a septum which forms an exhaust-stream 
ON passage, and form the 2nd carrier, A process of making this 2nd carrier supporting a 
catalyst and forming the 2nd catalyst bed. 
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[0010]ln the 5th invention, a catalyst support method of making a particulate filter of an 
exhaust emission control device of the 1st invention supporting a catalyst is provided with 
the following. 

A process of generating a slurry which consists of particles of particle diameter defined 
beforehand. 

A process of mixing a porosity increase agent for enlarging porosity of this slurry to this 
slurry. 

A process of coating a slurry with which a porosity increase agent is not mixed on a wall 
surface which forms fine pores of a wall surface top of a septum, and a septum, and 
forming the 1st carrier. 

A process of coating a process of making this 1st carrier supporting a catalyst and forming 
the 1st catalyst bed, and a slurry with which a porosity increase agent is mixed on the 1st 
catalyst bed currently coated on a wall surface of a septum which forms an exhaust-stream 
ON passage, and forming the 2nd catalyst bed. 

In an embodiment mentioned later, a porosity increase agent is a foaming agent. 
[0011] 

[Embodiment of the lnvention]Hereafter, with reference to drawings, the exhaust emission 
control device of this invention is explained. Drawing 1 is a figure showing the internal- 
combustion engine provided with the exhaust emission control device of this invention. The 
internal-combustion engine which showed drawing 1 is a compression ignition-type internal- 
combustion engine. As for an exhaust emission control device and 2, in drawing 1, a 
suction passage and 4 are flueways the main part of an organization, and 3 1. The exhaust 
emission control device 1 has the particulate filter (a filter is only called hereafter) 10. The 
temperature sensor 5 for detecting the temperature is connected to the filter 10 upper 
stream. The temperature sensor 5 is connected to the electronic control (not shown) of an 
internal-combustion engine. The output signal of the temperature sensor 5 is transmitted to 
an electronic control. 

[0012]The exhaust-gas-recirculation (EGR) passage 6 for circulating exhaust gas from the 
flueway 4 of the filter 10 upper stream to the suction passage 3 extends. EGR control valve 
7 which can adjust the passage sectional area of EGR passage 6 concerned is attached to 
EGR passage 6. That is, the quantity of the exhaust gas you are made to recycle in the 
suction passage 3 from the flueway 4 by EGR control valve 7 can be adjusted. Operation of 
EGR control valve 7 is controlled by an electronic control. The throttle valve 8 is arranged in 
the suction passage 3. The step motor 9 is connected to the throttle valve 8. Operation of 
the step motor 9 is controlled by an electronic control. 

[00131 Drawing 2 (A) is an end elevation of the filter 10, and drawing 2 (B) is drawing of 
longitudinal section of the filter 10. As shown in drawing 2 (A) and drawing 2 (B), the filter 
10 is making honeycomb structure and possesses two or more exhaust-stream passages 
20 and 21 which are mutually parallel and extend. The abbreviated moiety of these 
exhaust-streams passage constitutes the exhaust-stream ON passage 20, and the 

http://www4.ipdl. inpit.go.jp/cgi-bin/tran^ 12/19/2008 



JP,2003-21 1001, A [DETAILED DESCRIPTION] 



Page 4 of 13 



remaining moieties constitute the exhaust-stream appearance passage 21. These exhaust- 
streams ON passage 20 and the exhaust-stream appearance passage 21 are arranged by 
turns via the septum 24 of thin meat. If it says and changes, the exhaust-stream ON 
passage 20 and the exhaust-stream appearance passage 21 will be arranged so that each 
exhaust-stream ON passage 20 may be surrounded by the four exhaust-stream 
appearance passages 21 and each exhaust-stream appearance passage 21 may be 
surrounded by the four exhaust-stream ON passages 20. In the exhaust-stream ON 
passage 20, the downstream end opening is blockaded with the plug 22. On the other 
hand, in the exhaust-stream appearance passage 21, the upstream end opening is 
blockaded with the plug 23. 

[0014]The filter 10 is formed from a porous material like cordierite, for example. Therefore, 
the septum 24 of the filter 10 has much fine pores. For this reason, the exhaust gas which 
flowed in the exhaust-stream ON passage 20 flows in the exhaust-stream appearance 
passage 21 which adjoins through the inside of the surrounding septum 24, as the arrow 
showed drawing 2 (B). 

[0015]As shown in drawing 3 , on the wall surface of the septum 24 of the filter 10, and the 
wall surface which forms the fine pores 25 of the septum 24, the whole surface is covered 
and the 1st catalyst bed 26 is formed. The active oxygen generation agent which generates 
active oxygen by releasing the oxygen which the 1st catalyst bed 26 will hold surrounding 
oxygen if catalyst metal and around superfluous oxygen exist, and will be held if the 
surrounding oxygen density falls in the form of active oxygen, It consists of a carrier for 
supporting these catalyst metal and an active oxygen generation agent. 
[0016]On the 1st catalyst bed 26 currently formed on the wall surface of the septum 24 
which forms the exhaust-stream ON passage 20, the whole surface is covered and the 2nd 
catalyst bed 27 is formed. The active oxygen generation agent which generates active 
oxygen by releasing the oxygen which the 2nd catalyst bed 27 will hold surrounding oxygen 
if catalyst metal and around superfluous oxygen exist, and will be held if the surrounding 
oxygen density falls in the form of active oxygen, It consists of support for supporting these 
catalyst metal and an active oxygen generation agent. The carrier of these 1st catalyst 
beds 26 and the 2nd catalyst bed 27 consists of alumina, for example. And in this 
embodiment, about the porosity of the septum 24, in the porosity of the carrier of P0 and 
the 1st catalyst bed 26, when it writes P2 [ the porosity of P1 and the carrier of the 2nd 
catalyst bed 27 ], the relation of these porosity is P1<P0<P2. In this embodiment, about the 
pitch diameter of the fine pores of the septum 24, when it writes D2 [ the pitch diameter of 
the fine pores of D1 and the carrier of the 2nd catalyst bed 27 ], the relation of these 
average pore sizes is D1<D0<D2 in the pitch diameter of the fine pores of the carrier of DO 
and the 1st catalyst bed 26. 

[0017]The precious metal catalyst of platinum (Pt) etc. is used as catalyst metal, and as an 
active oxygen generation agent Potassium (K), Sodium (Na), lithium (Li), caesium (Cs), an 
alkaline metal like a rubidium (Rb), Barium (Ba), calcium (Ca), alkaline-earth metals like 
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strontium (Sr), At least one chosen from rare earth like a lantern (La), yttrium (Y), and 
cerium (Ce), a transition metal like iron (Fe), and a carbon family element like tin (Sn) is 
used. As an active oxygen generation agent, it is more preferred than calcium to use 
lithium, a high alkaline metal or alkaline-earth metals, i.e., the potassium, of an ionization 
tendency, caesium, a rubidium, barium, and strontium. 

[0018]Now, as a method of forming the 1st catalyst bed 26 and the 2nd catalyst bed 27, the 
following three methods are mentioned to the filter 10. That is, according to the 1st method, 
the slurry which consists of an alumina particle of the particle diameter defined beforehand 
first is prepared in a container. Subsequently, a part of this slurry is moved to another 
container. Subsequently, the path of the particle is made small for the slurry left behind in 
the container by milling etc. That is, the slurry by which particle diameter was made small, 
and the slurry by which particle diameter is not made small are prepared in this stage (that 
is, two kinds of slurries from which particle diameter differs are prepared). 
[0019]Subsequently, the slurry by which particle diameter was made small is continued and 
coated by the whole surface on the wall surface of the septum 24, and the wall surface 
which forms the fine pores 25 of the septum 24, and the carrier for the 1st catalyst bed 26 is 
formed. Subsequently, catalyst metal and an active oxygen generation agent are supported 
by this carrier, and the 1st catalyst bed 26 is formed thus. 

[0020]Subsequently, the slurry by which particle diameter is not made small is continued 
and coated by the whole surface on the 1st catalyst bed 26 currently formed on the wall 
surface of the septum 24 which forms the exhaust-stream ON passage 20, and the carrier 
for the 2nd catalyst bed 27 is formed. Subsequently, catalyst metal and an active oxygen 
generation agent are supported by this carrier, and the 2nd catalyst bed 27 is formed thus. 
[0021] According to the 2nd method, the slurry which consists of an alumina particle of the 
particle diameter defined beforehand first is prepared. Subsequently, a part of this slurry is 
moved to another container. Subsequently, a foaming agent is mixed by the slurry left 
behind in the container. That is, the slurry with which the foaming agent was mixed, and the 
slurry with which the foaming agent is not mixed are prepared in this stage. 
[0022]Subsequently, the slurry with which the foaming agent is not mixed is continued and 
coated by the whole surface on the wall surface of the septum 24, and the wall surface 
which forms the fine pores 25 of the septum 24, and the carrier for the 1st catalyst bed 26 is 
formed. Subsequently, catalyst metal and an active oxygen generation agent are supported 
by this carrier, and the 1st catalyst bed 26 is formed thus. 

[0023]Subsequently, the slurry with which the foaming agent is mixed is continued and 
coated by the whole surface on the 1st catalyst bed 26 currently formed on the wall surface 
of the septum 24 which forms the exhaust-stream ON passage 20, and the carrier for the 
2nd catalyst bed 27 is formed. Since this carrier is formed here from the slurry with which 
the foaming agent is mixed, that porosity is larger than the porosity of the carrier of the 1st 
catalyst bed 26 of the above. Subsequently, catalyst metal and an active oxygen generation 
agent are supported by this carrier, and the 2nd catalyst bed 27 is formed thus. 
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[0024]ln the 3rd method, it is used in the 1st method of the above, and the 2nd method as a 
slurry for the slurry in which the viscosity is higher than the viscosity of the slurry for forming 
the carrier of the 1st catalyst bed 26 to form the carrier of the 2nd catalyst bed 27. 
According to this, when the slurry for the carriers of the 2nd catalyst bed 27 is coated on the 
1st catalyst bed 26, it is controlled that this slurry flows in the fine pores 25 of the septum 
24, and makes size of the fine pores 25 small. 

[0025]After forming a carrier by a slurry, make this carrier support catalyst metal and an 
active oxygen generation agent with three methods mentioned above, and form the 1st 
catalyst bed 26 by them, but. Beforehand, mix an active oxygen generation agent to the 
slurry for forming the carrier of the 1st catalyst bed 26, and it is made it with mixed slurry, 
This mixed slurry is coated on the wall surface which forms the fine pores 25 of the wall 
surface top of the septum 24, and the septum 24, a carrier is formed, this carrier may be 
made to support catalyst metal and the 1st catalyst bed 26 may be formed. 
[0026]Similarly, beforehand, an active oxygen generation agent is mixed, it is considered as 
mixed slurry, this mixed slurry is coated on the 1st catalyst bed 26, a carrier is formed, this 
carrier may be made to support catalyst metal to the slurry for forming the carrier of the 2nd 
catalyst bed 27, and the 2nd catalyst bed 27 may be formed in it. 

[0027]lnstead of mixing an active oxygen generation agent beforehand to a slurry, catalyst 
metal may be beforehand mixed to the slurry, or catalyst metal may be beforehand mixed 
to a slurry with an active oxygen generation agent. 

[0028]the pressure loss of the filter before the 1st catalyst bed 26 concerned is formed for 
the pressure loss of the filter after the 1st catalyst bed 26 concerned was formed as for the 
thickness of the carrier of the 1st catalyst bed 26 - it is set up preferably less than 1 .5 to 
2.0 times become less than 1 .5 times. The thickness of the carrier of the 2nd catalyst bed 
27 is also set up so that the pressure loss of the filter after the 2nd catalyst bed 27 
concerned was formed may be less than 1.5 times of the pressure loss of the filter before 
the 2nd catalyst bed 27 concerned is formed. The thickness of the carrier of the 1st catalyst 
bed 26 is thinner than the thickness of the carrier of the 2nd catalyst bed 27. 
[0029]Next, a particle oxidation removal operation of the filter 10 is explained in detail. The 
filter 10 can carry out oxidation removal of the particles continuously by the active oxygen 
generated by the active oxygen generation agent, without emitting a luminous flame. Here, 
the size of the particles in exhaust gas is various, comparatively small particles are caught 
in the fine pores 25, and oxidation removal is thoroughly carried out by the 1st catalyst bed 
26 currently formed in the fine pores 25, for example. However, comparatively large 
particles cannot enter in the fine pores 25, but are caught on the 2nd catalyst bed 27. 
[0030]lf the 2nd catalyst bed 27 is not formed like before, comparatively large particles will 
be caught by the 1st catalyst bed 26 on the wall surface of the septum 24 which forms the 
exhaust-stream ON passage 20, but. In this case, the oxidation removal of the 
comparatively large particles will be hard to be carried out thoroughly, therefore particles 
will deposit them on the wall surface of the septum 24. 
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[0031]However, like this invention, when the 2nd catalyst bed 27 is formed, oxidation 
removal also of the comparatively large particles is thoroughly carried out to the inside of a 
short time, therefore particles do not have deposition striped ****** on the wall surface of 
the septum 24. For this reason, when deposition particles raise a luminous flame at a 
stretch and burn, a filter carrying out heat deterioration or being damaged is controlled. 
[0032]Thus, about the reason which can carry out oxidation removal of the comparatively 
big particles to the inside of a short time thoroughly by forming the 2nd catalyst bed 27. 
Although it is not clear, since the average pore size of the carrier of the 2nd catalyst bed 27 
is larger than the average pore size of the septum 24, even if it is comparatively large 
particles, it can be spread and it is possible [ it ] within the 2nd catalyst bed 27, by being 
spread in this way that the opportunity for particles to contact catalyst metal increases. 
[0033]Since the porosity of the carrier of the 2nd catalyst bed 27 is larger than the porosity 
of the septum 24, though the 2nd catalyst bed 27 is formed, the pressure loss of the filter 
10 whole does not increase substantially. 

[0034]Although the particle removal action of the filter 10 is finally explained taking the case 
of the case where platinum and potassium are made to support, on a carrier, even if it uses 
other precious metals, an alkaline metal, alkaline-earth metals, rare earth, and a transition 
metal, the same particle removal action is performed. 

[0035]When the ratio of the air and fuel which were supplied to the suction passage 3 and 
the combustion chamber is called the air-fuel ratio of exhaust gas, the air-fuel ratio of the 
exhaust gas discharged from compression ignition type internal combustion engine is Lean. 
That is, the exhaust gas which flows into the filter 10 includes a lot of excess airs. NO 
occurs in the combustion chamber of compression ignition type internal combustion engine. 
Therefore, NO is contained in exhaust gas. The sulfur component (S) is contained in fuel, 
and this sulfur component (S) reacts to oxygen by a combustion chamber, and serves as 
S0 2 . Therefore, S0 2 is contained in exhaust gas. For this reason, the exhaust gas having 

contained excess oxygen, NO, and S0 2 will flow in the exhaust-stream ON passage 20 of 

the filter 10. 

[00361 Drawing 4 (A) and (B) expresses typically the enlarged drawing of the surface of the 
2nd catalyst bed 27 formed on the peripheral wall surface of the exhaust-stream ON 
passage 20. In drawing 4 (A) and (B), 60 shows the particles of platinum and 61 shows the 
active oxygen generation agent containing potassium. The operation in the 1st catalyst bed 
26 is the same as the operation in the 2nd catalyst bed 27. 

[0037]Since a lot of excess oxygen is contained in exhaust gas as mentioned above, if 
exhaust gas flows in the exhaust-stream ON passage 20 of the filter 10, as shown in 

drawing 4 (A), these oxygen (0 2 ) will adhere on the surface of platinum in the form of 0 2 " 

or O . On the other hand, NO in exhaust gas reacts to 0 2 or O on the surface of 
platinum, and serves as N0 2 (2 NO+0 2 ->2N0 2 ). Subsequently, as it was held by 
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absorption (it adsorbs depending on the case) in the active oxygen generation agent 61, a 
part of generated N0 2 oxidizing on platinum and it was shown in drawing 4 (A), It is spread 

in the active oxygen generation agent 61 in the form of nitrate ion (N0 3 " ), combining with 

potassium, and potassium nitrate (KN0 3 ) is generated. That is, as a result, oxygen in 

exhaust gas is held in the active oxygen generation agent 61 in the form of potassium 
nitrate (KNOg). 

[0038]On the other hand, as mentioned above, S0 2 is also contained in exhaust gas and 
this S0 2 is also held in the active oxygen generation agent 61 by the same mechanism as 
NO. That is, as mentioned above, oxygen (0 2 ) has adhered on the surface of platinum in 

the form of 0 2 " or 0 2 ~, and S0 2 in exhaust gas reacts to 0 2 " or O 2 " on the surface of 

platinum, and serves as S0 3 . Subsequently, it is held by absorption (it adsorbs depending 

on the case) in the active oxygen generation agent 61 , a part of generated S0 3 oxidizing 

further on platinum, It is spread in the active oxygen generation agent 61 in the form of 

sulfate ion (S0 4 2 "), combining with potassium, and potassium sulfate (K 2 S0 4 ) is generated. 

That is, as a result, oxygen in exhaust gas is held in the active oxygen generation agent 61 
in the form of potassium sulfate (K 2 S0 4 ). 

[0039]On the other hand, the particles which mainly consist of carbon (C) in a combustion 
chamber are generated. Therefore, these particles are contained in exhaust gas. On the 
surface of a catalyst bed, for example, the surface of the active oxygen generation agent 
61 , while exhaust gas is flowing through the inside of the exhaust-stream ON passage 20 of 
the filter 10, or when passing through the inside of the fine pores of the septum 24, these 
particles contained in exhaust gas contact and adhere, as 62 showed drawing 4 (B). 
[0040]Thus, if the particles 62 adhere on the surface of the active oxygen generation agent 
61 , an oxygen density will fall in the contact surface of the particles 62 and the active 
oxygen generation agent 61. If an oxygen density falls, density difference arises between 
the inside of the active oxygen generation agent 61 with a high oxygen density, and oxygen 
in the active oxygen generation agent 61 tends to move towards the contact surface of the 
particles 62 and the active oxygen generation agent 61 thus. As a result, the potassium 
nitrate (KN0 3 ) currently formed in the active oxygen generation agent 61 is disassembled 

into potassium (K), and oxygen (O) and NO, and, on the other hand, NO is emitted outside 
for oxygen (O) from the active oxygen generation agent 61 toward the contact surface of 
the particles 62 and the active oxygen generation agent 61. NO emitted outside oxidizes on 
platinum of the downstream, and is again caught in the active oxygen generation agent 61. 
[0041 ]The potassium sulfate (K 2 S0 4 ) currently formed in the active oxygen generation 

agent 61 at this time is also disassembled into potassium (K), and oxygen (O) and S0 2 , On 
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the other hand, S0 2 is emitted outside for oxygen (O) from the active oxygen generation 

agent 61 toward the contact surface of the particles 62 and the active oxygen generation 
agent 61. S0 2 emitted outside oxidizes on platinum of the downstream, and is again caught 

in the active oxygen generation agent 61. However, since potassium sulfate is stable and it 
is hard to decompose, potassium sulfate is hard to emit oxygen rather than potassium 
nitrate. 

[0042]By the way, the oxygen which goes to the contact surface of the particles 62 and the 
active oxygen generation agent 61 is the oxygen decomposed from a compound like 
potassium nitrate (KN0 3 ) or potassium sulfate (K 2 S0 4 ). Thus, the oxygen (O) decomposed 

from the compound has an unpaired electron, and has very high reactivity. Therefore, the 
oxygen which goes to the contact surface of the particles 62 and the active oxygen 
generation agent 61 is active oxygen (O). Similarly, the oxygen generated in the reaction 
process of NO and oxygen in the active oxygen generation agent 61 or the reaction 
process of S0 2 and oxygen is also active oxygen. That is, activity oxygen is generated, 

when the active oxygen generation agent 61 holds NO in the form of nitrate ion (N0 3 "), or 

also when holding S0 2 in the form of sulfate ion (S0 4 2 ~). 

[0043]lf these active oxygen (O) contacts the particles 62, the particles 62 will be made to 
oxidize, without emitting a luminous flame to the inside of a short time (several seconds - 
tens of minutes), and the particles 62 will disappear thoroughly. Therefore, the particles 62 
hardly accumulate on the filter 10. 

[0044]When combustion removes the particles deposited on the filter 10 like before at 
laminate shape, the filter 10 becomes red-hot and particles burn with a flame. Unless the 
combustion accompanied by such a flame is an elevated temperature, it is not maintained. 
Therefore, in order to make the combustion accompanied by such a flame maintain, the 
temperature of the filter 10 must be maintained to an elevated temperature. 
[0045]On the other hand, the particles 62 are made to oxidize in this invention, as 
mentioned above, without emitting a luminous flame. The surface of the filter 10 does not 
burn at this time. If it says and changes, in this invention, the particles 62 will carry out 
oxidation removal to it being also at a quite low temperature compared with the former. 
Therefore, the particle removal action by oxidation of the particles 62 which do not emit the 
luminous flame by this invention completely differs from the particle removal action by the 
conventional combustion accompanied by a flame. 

[0046]By the way, it depends for the activity of platinum and the active oxygen generation 
agent 61 on the temperature of the filter 10. Therefore, the quantity (oxidation removal 
possible particle amount) of the particles in which oxidation removal is possible changes 
depending on the temperature of the filter 10 to the maximum extent, without emitting a 
luminous flame per unit time in the filter 10. The oxidation removal possible particle amount 
of the filter 1 0 was shown in drawing 5 . 
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[0047]The solid line of drawing 5 shows the oxidation removal possible particle amount G 
which changes according to temperature (filter temperature is called hereafter) TF of the 
filter 10. When the quantity of the particles which flow into the filter 10 per unit time is called 
the inflow particle amount M, this inflow particle amount M When less than the oxidation 
removal possible particles G, That is, if all the particles which flowed into the filter 10 
contact the filter 10 when it is in the field I of drawing 5 , oxidation removal will be carried 
out, without emitting a luminous flame on the filter 10 to the inside of a short time (from 
several seconds to tens of minutes). 

[0048]On the other hand, when larger than the oxidation removal possible particle amount 
G, namely, when the inflow particle amount M is in the field II of drawing 5 , oxidizing all the 
particles runs short of the amounts of active oxygen. Drawing 6 (A) - (C) shows the 
situation of oxidation of the particles in such a case. That is, if the particles 62 adhere on 
the active oxygen generation agent 61 as shown in drawing 6 (A) when oxidizing all the 
particles runs short of the amounts of active oxygen, the particle portion which a part of 
particles 62 oxidized and did not fully oxidize will remain on a catalyst bed. Subsequently, if 
the state where the amounts of active oxygen are insufficient continues, as the particle 
portion which did not oxidize from the next to the next remains on a catalyst bed and it was 
shown in drawing 6 (B) as a result, the surface of a catalyst bed will come to be covered 
with the remains particle portion 63. 

[0049]The oxidation of NO by platinum, and S0 2 when the surface of a catalyst bed is 

covered with the remains particle portion 63, And by a generation operation of active 
oxygen by the active oxygen generation agent 61 becoming is hard to be performed, even if 
these oxidation and a generation operation are moreover performed, most remains particle 
portions 63 are separated from platinum, therefore it has been hard coming to win 
popularity the oxidation of platinum. For this reason, the remains particle portion 63 remains 
as it is from the reason the particles 64 which remained as it is, without oxidizing, next were 
deposited on this remains particle portion 63 are also the same, without oxidizing. Thus, as 
shown in drawing 6 (C), another particles 64 accumulate from the next on the remains 
particle portion 63 to the next. That is, particles will accumulate on laminate shape. 
[0050]Thus, if particles accumulate on laminate shape, the particles 64 will not oxidize by 
active oxygen (O) any longer, therefore another particles will deposit them from the next on 
this particle 64 to the next, or [ namely, / making an exhaust gas temperature into an 
elevated temperature thus by particles accumulating on the filter 10 at laminate shape, if 
more states than the oxidation removal possible particle amount G continue in the inflow 
particle amount M ] — or, Unless the temperature of the filter 10 itself is made into an 
elevated temperature, it becomes impossible to carry out ignition combustion of the 
deposited particles. 

[0051]Thus, particles are made to oxidize in the field I of drawing 5 by the inside of a short 
time, without emitting a luminous flame on the filter 10, and particles accumulate on the 
filter 10 in the field II of drawing 5 at laminate shape. Therefore, in order to keep particles 
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from accumulating on the filter 10 at laminate shape, the inflow particle amount M always 
needs to become less than the oxidation removal possible particle amount G. 
[0052]With the filter 10 of this invention, even if filter temperature TF is quite low, it is 
possible to oxidize particles, therefore the inflow particle amount M and filter temperature 
TF are maintained so that the inflow particle amount M may always become less than the 
oxidation removal possible particle amount G, so that drawing 5 may show. Thus, if there 
are always few inflow particle amounts M than the oxidation removal possible particle 
amount G, particles will hardly accumulate on the filter 10 and back pressure will hardly rise 
thus. 

[0053]On the other hand, even if the inflow particle amount M will become less than the 
oxidation removal possible particle amount G once particles accumulate on the filter 10 at 
laminate shape as mentioned above, it will be difficult to oxidize particles by active oxygen 
(O). However, when the particle portion which did not oxidize is beginning to remain, That 
is, if the inflow particle amount M becomes less than the oxidation removal possible particle 
amount G when particles have deposited below the fixed limit, oxidation removal of this 
remains particle portion will be carried out, without emitting a luminous flame by active 
oxygen (O). 

[0054]By the way, as mentioned above, once particles accumulate on the filter 10 at 
laminate shape, even if the inflow particle amount M becomes less than the oxidation 
removal possible particle amount G, it will be difficult [ it ] to oxidize particles by active 
oxygen (O). Especially temperature TF of the filter 10 is low immediately after organization 
start up, therefore its inflow particle amount M increases more than the oxidation removal 
possible particle amount G at this time. However, when the particle portion which did not 
oxidize is beginning to remain, That is, if the inflow particle amount M becomes less than 
the oxidation removal possible particle amount G when particles have deposited below the 
fixed limit, oxidation removal of this remains particle portion will be carried out, without 
emitting a luminous flame by active oxygen (O). 

[0055]Therefore, in this invention, although the inflow particle amount M has become less 
than the oxidation removal possible particle amount G, usually, Even if the inflow particle 
amount M increases more than the oxidation removal possible particle amount G 
temporarily, So that the surface of a carrier layer may not be covered with the remains 
particle portion 63, as shown in drawing 4 (B), That is, the inflow particle amount M and 
filter temperature TF are maintained so that only the particles of the quantity below the fixed 
limit which can carry out oxidation removal may be laminated on the filter 10, when the 
inflow particle amount M becomes less than the oxidation removal possible particle amount 
G. 

[0056]However, though the inflow particle amount M and filter temperature TF are 
controlled in this way, particles may accumulate on the filter 10 at laminate shape. Then, it 
is made to oxidize the particles deposited on the filter 10 in this invention by making rich 
temporarily the air-fuel ratio of a part or the whole of exhaust gas in such a case, without 
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emitting a luminous flame. 

[0057]That is, if the state where the air-fuel ratio of exhaust gas is Lean continues for fixed 
time, oxygen will adhere so much on platinum, for this reason the catalysis of platinum will 
fall. However, if the air-fuel ratio of exhaust gas is made rich and the oxygen density in 
exhaust gas is reduced, oxygen will be removed from platinum and the catalysis of platinum 
will be recovered thus. If the air-fuel ratio of exhaust gas is made rich by this, active oxygen 
(O) will consist is easy to be emitted outside at a stretch of the active oxygen generation 
agent 61 . Combustion removing is carried out without being made to deteriorate by the 
state where the particles thus deposited by the active oxygen (O) emitted at a stretch 
oxidize easily, and particles emitting a luminous flame by active oxygen. Thus, if the air-fuel 
ratio of exhaust gas is made rich, the oxidation removal possible particle amount G will 
increase as a whole. 

[0058]When particles accumulate on the filter 10 in this case at laminate shape, the air-fuel 
ratio of exhaust gas may be made rich, and the air-fuel ratio of exhaust gas may be 
periodically made rich irrespective of whether particles have accumulated on laminate 
shape. 

[0059]The opening of the throttle valve 8 and the opening of EGR control valve 7 are 
controlled so that an EGR rate (EGR gas amount/(suction-air-quantity + EGR gas amount)) 
will be 65% or more, when engine load is comparatively low as a method of making the air- 
fuel ratio of exhaust gas rich, The method of controlling the injection quantity so that the 
average air-fuel ratio in a combustion chamber becomes rich at this time can be used. 
[0060]An example of the operation control routine of the internal-combustion engine 
explained above was shown in drawing 7 . Reference of drawing 7 will distinguish first 
whether the average air-fuel ratio of a combustion chamber should be made rich in Step 
100. When it is not necessary to make rich the average air-fuel ratio of a combustion 
chamber, In Step 101 , the opening of the throttle valve 8 is controlled, in Step 102, the 
opening of EGR control valve 7 is controlled and fuel oil consumption is controlled in Step 
103 so that the inflow particle amount M becomes less than the oxidation removal possible 
particle amount G. 

[0061 ]On the other hand, when it is distinguished in Step 100 that the average air-fuel ratio 
of a combustion chamber should be made rich, In Step 104, in Step 105, the opening of the 
throttle valve 8 is controlled, and the opening of EGR control valve 7 is controlled, and in 
Step 106, fuel oil consumption is controlled so that the average air-fuel ratio of a 
combustion chamber becomes rich, so that an EGR rate will be 65% or more. 
[0062]The active oxygen generation agent mentioned above will hold NO x , if superfluous 

oxygen exists in the circumference, and it works also as a NO x hold-back agent which 

releases NO v which will be held if the surrounding oxygen density falls, Reduction purifying 

of the NO Y released thus is carried out with hydrocarbon in exhaust gas. That is, the filter 



http://vvww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje7atw 12/19/2008 



JP,2003-21 1001, A [DETAILED DESCRIPTION] 



Page 13 of 13 



10 is also is supporting NO x catalyst which carries out reduction purifying of the NO x . 
[0063] 

[Effect of the Invention] According to this invention, the particles of a size which cannot enter 
in the fine pores of a septum are caught on the 2nd catalyst bed, and oxidation removal is 
thoroughly carried out by the catalyst of this 2nd catalyst bed. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a figure showing the internal-combustion engine provided with the exhaust 

emission control device of this invention. 

[Drawing 2] lt is a figure showing a particulate filter. 

[Drawing 3] lt is a sectional view of the septum of a particulate filter. 

[Drawinjg 4]lt is a figure for explaining the particle removal action of a particulate filter. 

[Drawing 5] lt is a figure showing the relation between the temperature of a particulate filter, 

and an oxidation removal possible particle amount. 

[Drawing 6] lt is a figure for explaining the deposition of particles. 

[Drawing 7] lt is a flow chart for performing engine operation. 

[Description of Notations] 

1 ~ Exhaust emission control device 

2 - Main part of an organization 

3 - Suction passage 

4 — Flueway 

6 - EGR passage 
10 - Particulate filter 

20 - Exhaust-stream ON passage 

21 - Exhaust-stream appearance passage 

24 - Septum 

25 - Fine pores 

26 - The 1st catalyst bed 

27 - The 2nd catalyst bed 



[Translation done.] 
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[Drawing 4] 
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[Drawing 7] 
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that of the fine pores of the partition wall and a catalyst supported on the support is formed 
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- 7 9 jmrnmimmpimz x -> x m m s ii ft 
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x. mi fttmm 2 bawis. *tu , 

1 0 0 2 0 ] <!K^X\ m^m^'h* < *iiX\> ^ >* y 

\i —fp . tmmum 2 0 $• mm-t & m& 2 4 
c;ffM $itx v >^> m i mm 2 6 ±(c . urates -» -c . 

3-f -f > ?"$it. K20>WBIM2 7ff|?>tIf*:#JfMS 
its, cc7)fflf*tcJHi«^R4: «tt»*^fife«l t 

*Wf $it , «fi < l -c . m 2 ftmm 2 1 im®. * it 



[ 0 021] wrioyy- s miux\f . w>i~. t^7e^";> 

llfzttrrmftT/i s -J-fa^ibi-a X 7 'J -^'ffl.S5it 
[ 0 02 2] ''C. •^r&Will&Sit-C v >.X •? [) 

wm2 4<rmmt. mm.2 4^1112 5 

& S liiM±(C . ^ffiKH -> T . 3 — f- -r > ;^ 2 
it. m 1 (OMtiM 2 6 fflOtHtf^JT^itS , ftv 

< l -c, si ftmmm 2 6 s iu. , 

t>\ mxffijdm 2 0 srWrtt-rs rss 2 4 cofim±^ 

BS£$ilT 1>I.S1 2 6 ±M , ^t[S(w H "C . 3 

— t ■< yy § it . £1 2 WiHSgJf 2 7 Ff§WS^A s ?BlS^it 

cct'. cf.)fflf*{i. mtmwwsZKxvxhxit 

>J ^frc>nm*ii& ftX', ZWMLWi.b3im 1 ?>tm 

m 2 sftiQfoftftiUg x ») bxe^ t >, »t. c wans 

tclWW^fc^K«*riai|J:* s ffl»$ii. «f < IX . 
K 2 2 7 its , 

[ 0 0 2 4 ] m^ftismXU. ±.SSSR 1 X)>jSii «fc t e 3FS 
2 X) ^ifelc (, >'C . S 1 WMM 2 6 ft12.l¥ 5 W$L t?>> tz 
^X).x y >.) -XJffifg J: 0 i> -C-OHif£*^5vvx v 0 —frm 

2fmm2 7ftm^wm-thtz»>^x ? u -> ixm 

v^i»it&, CftCfcitUr. S t MS£« 2 6±(CS 2fl*«t 
J12 7X)Ji#:fflO.X!v "J— Av3 — ¥ < > 7$t\.tib & 
(C . C c?) X 7 y — //'11M 2 4 f mH 2 5 l*JCs£7v LTifl 
TL2 5X)tf -f X3r'h$ •< IX L i :i C k*WM*itS . 
[ 0 0 2 5] t£*> . _b.iit L ^ 3 'rjftlfmxti . x 5 'J - 
CJ: ->-Cffl#dr.ff5BJtL^^(C CO-fB*tftl!.«*«> iS 

mm&$Lmb *®.mz-*txm 1 ^*«® 2 6 r 
v •> h w . m 1 mm 2 e otiH? ; r nm-t h tz^ft x 9 

I . C X)?F t ^.X 9 \> -Zmg. 2 4 <7>ffiH±*J =t t^RHS 2 
4 OWL 2 5Sr®(«-r«.Sffi.l:.tC3--7- < > X LTlIf* 
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ox 7 y - i x ti v >^ n 1 x i> x << > , 

[ 0 0 2 3 ] >5:*J . m 1 MUJfl 2 bX>tI(*oiS$li . S 



<JP 200321 1001A I > 



: ( 5 ) 0 0 3-2 1 1 00 1 ( P 2 0 0 3 - 2 1 1 0 0 I A ) 
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